Two cDNA clones encoding rice lectin have been isolated and characterized to investigate the expression of rice lectin at the molecular and cellular levels. The two cDNA clones code for an identical 23-kilodalton protein which is processed to the mature polypeptide of 18 kilodaltons by co-translational cleavage of a 2.6-kilodalton signal sequence and selective removal of a 2.7-kilodalton COOH-terminal peptide which contains a potential N-linked glycosylation site. In addition, the mature 18-kilodalton lectin is post-translationally cleaved between residues 94 and 95 to yield polypeptides of 10 kilodaltons and 8 kilodaltons, corresponding to the NH2-and COOH-terminal portions of the mature subunit, respectively. RNA gel blot analysis established that rice lectin is encoded by two mRNA transcripts (0.9 kilobase and 1.1 kilobase). On DNA gel blots, the rice lectin cDNAs hybridize specifically to a single restriction fragment. In situ hybridization showed localization of the 1.1-kilobase rice lectin mRNA in root caps and specific cell layers of the radicle, coleorhiza, scutellum, and coleoptile. RNA gel blot analysis demonstrated that both the 0.9-kilobase and 1.1-kilobase mRNAs are present in developing rice embryos. The two lectin mRNAs are differentially expressed temporally such that the 1.1-kilobase lectin mRNA accumulates to levels twofold higher than the 0.9-kilobase mRNA.
INTRODUCTION
Plant lectins are a class of proteins that bind and cross-link specific carbohydrates. Because of their unique carbohydrate-binding properties, lectins are widely used as tools in medical cell biology (Lis and Sharon, 1986) . Historically, plant lectin research has focused on the isolation and characterization of new lectin species to broaden the spectrum of specific carbohydrate-binding moieties. Although the function of lectins in plants remains obscure, dissecting the regulation of expression of lectin genes at the molecular leve1 should facilitate elucidation of the protein function in vivo.
Many of the Gramineae synthesize N-acetylglucosamine (GlcNAc)-binding lectins with similar immunological properties (Peumans and Stinissen, 1983) . These lectins accumulate in a cell-type specific manner in various organs of developing embryos and young seedlings. Rice lectin, initially purified and characterized by Tsuda (1 979) from rice bran, is a dimeric protein composed of two glycineand cysteine-rich 18-kD subunits that lack covalently bound sugar residues. In the cultivated rice species Oryza sativa, the majority of the 18-kD subunits undergo a pro-' To whom correspondence should be addressed. teolytic cleavage event which yields two subunits of 8 kD and 10 kD (Stinissen, Peumans, and Chrispeels, 1984) . This lectin is synthesized as a 23-kD monomeric precursor on the rough endoplasmic reticulum (RER) and is subsequently assembled into dimers within the lumen of the RER (Stinissen, Peumans, and Chrispeels, 1984) . Assembled dimers are only transiently associated with the RER before being transported to and deposited in vacuoles/protein bodies (Stinissen, Peumans, and Chrispeels, 1984) . Rice lectin accumulates in specific cell layers of the scutellum, coleorhiza, radicle, root cap, and throughout cell layers of the coleoptile of embryos (Mishkind, Palevitz, and Raikhel, 1983) .
We are interested in the molecular mechanisms regulating cell-specific expression of the Gramineae lectins. Two cDNA clones encoding rice lectin have been isolated and used to examine the expression of rice lectin in developing embryos. In this paper, we present evidence that both cDNA clones represent two mRNA transcripts. Each lectin mRNA transcript exhibits a distinct pattern of temporal expression in developing embryos. Moreover, the cell-type specific expression of rice lectin mRNAs is developmentally and spatially regulated.
RESULTS

Two cDNA Clones Encoding Rice Lectin Differ in the Length of Their 3'4Jntranslated Region
Relying upon molecular and immunological similarities to rice lectin (Peumans and Stinissen, 1983) , the cDNA clone WGA-B (Raikhel and Wilkins, 1987; Raikhel, Bednarek, and Wilkins, 1988) encoding isolectin B of wheat germ agglutinin (WGA) was used as a heterologous probe to isolate cDNA clones encoding rice lectin. The complete nucleotide sequence and the deduced amino acids of two cDNA clones, designated cRL852 and cRL1035, are presented in Figure 1A . The two cDNA clones are identical at the nucleotide and amino acid levels with the exception that cRL1035 contains an additional 183 bp of 3'-untranslated region extending beyond the 3' terminus of cRL852 (denoted by a closed arrowhead in Figures 1 A and 16 ). The cDNA clone cRLlO35 contains two putative polyadenylation signals (underlined in Figure 1 A), AATAAA and an extended AATAAATAAA, located 86 nucleotides and 150 nucleotides downstream from the coding region, respectively. The polyadenylation signal located proximal to the coding region (AATAAA) is common to both cDNA clones and is positioned 64 nucleotides upstream from the second polyadenylation signal. The AATAAATAAA polyadenylation signal dista1 to the coding region is unique to cRLlO35 and represents an apparent fusion of two overlapping polyadenylation signal consensus motifs (AATAAA). Both clones, cRL852 and cRL1035, contain 57 nucleotides of 5'-untranslated region preceding an ATG initiation codon, which is followed by an open reading frame of 682 bases with a translation termination codon (TAG) at position 739.
The protein encoded by the open reading frame of both clones encompasses 227 amino acid residues with calculated M, 22, 798 . Comparison of partia1 amino acid sequence data (Chapot, Peumans, and Strosberg, 1986) with the deduced amino acid sequence from the two cDNA clones confirms that the clones encode rice lectin. Moreover, in vitro translation products synthesized from RNA transcripts generated for each clone are immunoprecipitable with polyclonal antiserum raised against WGA (data not shown).
The polypeptide encoded by the two lectin cDNA clones contains an alanine-rich array of 28 amino acid residues (M, 2643) at the NHp terminus (hatched box, Figure 1B ) exhibiting the predicted tripartite organization of eukaryotic signal sequences (von Heijne, 1983) . Predicated upon the organization, the proteolytic processing of the signal sequence presumably occurs in rice lectin between an alanine Figure 1 B) . The amino acid composition indicates that the mature subunit of rice lectin is a glycine-and cysteine-rich polypeptide. Cysteine (23%) and glycine (19.7%) together account for almost 43% of the mature polypeptide amino acid composition. In addition to the signal sequence and the mature rice lectin subunit, the cDNAs encode proteins with an additional 26 amino acids (M, 2678) extending beyond the COOH terminus of mature rice lectin (boxed residues in Figure 1 A, stippled box in Figure 1 B ). This COOH-terminal extension is a relatively hydrophobic domain and contains a potential N-linked glycosylation site at asparagine residue N179 (asterisk in Figures 1 A and 1 B) . Rice lectin is therefore synthesized as a preproprotein that requires the proteolytic removal of the signal sequence and post-translational processing of a COOH-terminal domain to yield the mature polypeptide. In vacuoles, the mature 18-kD subunit polypeptide undergoes additional post-translational processing to yield two smaller polypeptides of approximately 10 kD and 8 kD (Stinissen, Peumans, and Chrispeels, 1984) . To resolve the relationship between these polypeptides and the protein encoded by the cDNAs, both polypeptides were purified and subjected to NH,-terminal and COOH-terminal amino acid sequence analyses. Results from these analyses indicate that the mature subunit of rice lectin is proteolytically cleaved between amino acids residues N94 and G95 as deduced from the cDNA clones (open arrowhead, Figure 1 A). The resultant 1 O-kD and 8-kD polypeptides correspond to the NH,-and COOH-termina1 portions of the mature 18-kD protein, respectively.
A comparison of amino acids from rice lectin and isolectin B of wheat germ agglutinin (WGA-B) is presented in Figure 2 . Rice lectin exhibits 73% identity with WGA-B (boxed amino acids in Figure 2 ) within the coding region of the mature subunits spanning from glutamine Q + 1 to glycine G171 in WGA-B or glycine G173 in rice lectin. The overall homology between the two lectins increases to 79.5% when conserved amino acid changes (asterisks in Figure 2 ) are included in the comparison. Both rice lectin and WGA-B require the post-translational processing of COOH-terminal domains to produce the mature 18-kD subunit. Alignment of the 26-amino acid COOH-terminal domain from the proprotein of rice lectin and the 15-amino acid COOH-terminal domain from pro-WGA-B for maximal The complete deduced amino acid sequence of rice lectin was aligned for maximal homology to the available amino acid sequence of WGA-B (Raikhel and Wilkins, 1987) . ldentical amino acids are depicted by boxed residues, whereas conserved amino acid changes between the two lectins are denoted by asterisks.
homology shows a 46.7% overall amino acid conservation, indicating that this region is less conserved than the coding region of the mature protein.
Rice Lectin 1s Encoded by Two Different mRNAs
To explore the relationship between the two cDNA clones encoding rice lectin, an RNA gel blot containing total RNA from developing rice embryos I10 days to 20 days postanthesis (DPA)] was probed with 32P-labeled insert from cRL852 or cRLlO35. Two mRNA species of approximately 1.1 kb and 0.9 kb were identified ( Figure 3A) . Therefore, the two cDNA clones correspond to the two mRNAs-and did not arise from cloning artifacts. To discriminate expression due solely to the 1.1-kb mRNA species, a clonespecific probe (cRL165) encompassing 165 bp of the 3'-untranslated region unique to cRLlO35 was constructed (see Figure 1B) . The specificity of cRL165 as a clonespecific probe for the cDNA cRL1035 and the 1.1 -kb lectin mRNA transcript was confirmed by DNA gel and RNA gel blot analyses, respectively (data not shown).
To determine the number of rice lectin genes responsible for the two mRNAs, DNA gel blots containing restricted genomic DNA were hybridized with 32P-labeled inserts from cDNA clones cRL852, cRL1035, or cRL165. Figure 3B shows a representative DNA gel blot depicting single restriction fragments of 11 kb and 15 kb detected in EcoRIand Hindlll-digested genomic DNA (cv. IR36), respectively, probed with radiolabeled insert from cRL1035. Single restriction fragments between 10 kb and 20 kb were also detected in EcoRI-, Hindlll-, Kpnl-, Smal-, and Xbal-restricted genomic DNA from the rice cultivars IR36 or Nato (data not shown). The identification of single restriction fragments by both the full-length and the clone-specific cDNAs suggests that rice lectin is encoded by a single gene.
Gene reconstruction experiments ( Figure 3B ) were performed with restricted rice genomic DNA and purified insert from CRL1035 to ascertain the number of copies of the rice lectin gene present in the genome. Comparison of relative intensities of cDNA cRL1035 titered at 0.5 copy, 1 copy, and 3 copies per haploid genome and the intensity of genomic DNA restriction fragments from cv. IR36 (Figure 3B ) demonstrated that the gene for rice lectin is present in 1 copy to 2 copies per haploid genome. In summary, DNA gel and RNA gel analyses indicate that the expression of rice lectin is determined by two mRNAs possibly derived from a single gene present in low copies in the genome of the diploid rice species O. sativa.
Differential Expressions of the Two Rice Lectin mRNAs Are Temporally and Spatially Regulated
Using in situ hybridization in conjunction with RNA gel blot analysis, the cDNA clones encoding rice lectin were employed to investigate the expression of rice lectin during embryo development. In situ hybridization experiments were specifically performed to determine whether the cellspecific accumulation of rice lectin in the diverse tissue types of developing embryos (i.e., radicle versus coleoptile) results from the spatial regulation of the two rice lectin mRNAs. Tissue sections of developing embryos harvested at 5 DPA, 10 DPA, 20 DPA, and 30 DPA were hybridized with 35 S-labeled antisense RNA transcripts generated from cRL852 to localize both the 0.9-kb and 1.1-kb lectin mRNAs in situ. As illustrated in Figure 4 , rice lectin mRNAs localized by CRL852 antisense transcripts in embryos 20 DPA are confined to root caps, several cell layers at the periphery of the coleorhiza and radicle, and in all cell layers of the coleoptile. Not shown is the presence of lectin mRNA in the peripheral cell layers of the scutellum. Moreover, the tissue-specific accumulation of lectin mRNA in the diverse tissue-types of the embryos is discernible as early as 5 DPA and persists throughout embryogenesis and seed maturation (data not shown). Sense RNA transcripts were used as controls to ascertain backgrounds levels due to the non-specific binding of probes to tissue sections. No hybridization was observed in control sections probed with sense RNA transcripts (data not shown).
In situ hybridization was performed in parallel using radiolabeled antisense RNA transcripts synthesized from the clone-specific cDNA, CRL165, to detect the specific accumulation of the 1.1-kb lectin mRNA during embryo development. The results revealed that the 1.1-kb mRNA shows the same tissue-specific distribution of lectin mRNA localized by CRL852 antisense RNA transcripts in all developmental stages examined (data not shown). Thus, the 1.1-kb lectin mRNA accumulates in specific cell layers of the root caps, coleorhiza, scutellum, radicle, and coleoptile of mature and developing embryos as early as 5 DPA.
RNA gel blot analysis was employed to resolve both the 0.9-kb and 1.1-kb lectin mRNA species and to ascertain what fraction of lectin mRNA can be attributed to each mRNA during embryogenesis. RNA gel blots prepared from total RNA isolated from embryos harvested at 10 DPA, 30 DPA, and 40 DPA were hybridized with radiolabeled insert from cRL852 and are depicted in Figure 5 . Both lectin mRNAs are present at high levels in developing embryos harvested at 10 DPA ( Figure 5, lane 2) . Lane 1 of Figure 5 contains one-half of the total RNA contained in lane 2 to enhance resolution of the two lectin mRNAs. Concomitant with the onset of desiccation and seed mat- 
DISCUSSION
Two cDNA clones encoding the embryo-specific lectin of rice were isolated and used to characterize the expression of rice lectin in developing embryos at the molecular and cellular levels. The results from these studies have resolved the relationship between the different molecular forms of rice lectin. Previous studies demonstrated that the 23-kD precursor of rice lectin synthesized on the RER is post-translationally processed to an 18-kD polypeptide (Stinissen et al., 1984) . However, the nature of these processing events, which result in the conversion of the 23-kD protein to the 18-kD form, remained unidentified. Characterization of two cDNAs, which encode identical 23-kD preproproteins, indicates that processing of both NH 2 -and COOH-terminal sequences is required to generate the 18-kD rice lectin subunit. As predicted for proteins destined for entry into the endomembrane system of uration at around 20 DPA, relative levels of lectin mRNA present in total RNA decreased to low levels ( Figure 5,  lanes 3 and 4) . The dramatic decline in lectin mRNA levels between 10 and 30 DPA embryos is accompanied by a temporal change in the relative levels of the individual mRNA species. In embryos at 10 DPA, the0.9-kband 1.1-kb lectin mRNA transcripts are present at similar levels. By 30 DPA, however, the 1.1-kb lectin mRNA accumulates to levels approximately twofold higher than the 0.9-kb mRNA. Thus, both mRNAs are expressed and differentially regulated in the radicles and coleoptiles of developing embryos. RNA gel blot of total RNA from developing embryos was hybridized with 32 P-labeled insert from cDNA clone CRL852. Lane 1 contains 12.5 nQ of total RNA from embryos harvested at 10 DPA. Lanes 2, 3, and 4 contain 25 ^g of total RNA from embryos collected at 10, 30, and 40 DPA, respectively. Sizes (in kilobases) of each lectin mRNA are indicated to the right. the secretory pathway, the deduced amino acid sequence of both rice lectin cDNA clones contains a 2.6-kD signal sequence which is co-translationally cleaved by an endopeptidase within the lumen of the RER. Mapping of COOHterminal amino acid residues also implicates the selective removal of a COOH-terminal domain of 2.7 kD containing a potential N-linked glycosylation site to yield the 18-kD polypeptide. Similar COOH-terminal N-glycopeptides have been described for isolectin B of WGA (Raikhel and Wilkins, 1987; Mansfield, Peumans, and Raikhel, 1988) and tobacco p-1,3-glucanase (Shinshi et al., 1988) . The primary sequence of the COOH-terminal domains of WGA-B, rice lectin, and p-1,3-glucanase are not conserved. Interestingly, however, secondary structure predictions of these COOH-terminal domains revealed that these domains are amphipathic a-helices. The possible functional role of the COOH-terminal domains of WGA-B and rice lectin in the targeting of these proteins to vacuoles is currently under investigation.
Unlike cereal lectins, the majority of the 18-kD mature subunit of rice lectin is post-translationally processed to two smaller polypeptides of 10 kD and 8 kD (Stinissen, Peumans, and Chrispeels, 1984) . Determination of the NH,-terminal and COOH-terminal residues of these two polypeptides established that the interna1 cleavage of the 18-kD subunit occurs between asparagine N94 and glycine G95. Moreover, the data show that the 10-kD and 8-kD polypeptides correspond to the NH2-and COOH-terminal portions of the 18-kD subunit, respectively. DNA sequence and RNA gel blot analyses established that the two rice lectin cDNA clones, which differ solely in the length of their 3'-untranslated regions, represent two mRNAs which code for the same polypeptide. The occurrence of two transcripts displaying heterogeneous 3'-untranslated regions but encode identical polypeptides is not unprecedented in plants (Messing et al., 1983; Dean et al., 1986; Shinshi et al., 1988) . However, these observations have been limited to analysis of genomic sequences or the isolation of multiple related cDNAs exhibiting 3' heterogeneity. Unlike animal systems (Breitbart, Andreadis, and Nadal-Ginard, 1987) , a possible correlation between multiple mRNA transcripts and tissue-specific or developmentally regulated genes has not been established in plants. In situ hybridization experiments were therefore performed to determine whether the cell-specific expression of rice lectin in particular tissues of developing embryos is due to the spatial regulation of the two rice lectin mRNAs. The 1 .I-kb lectin mRNA was specifically localized to root caps, peripheral cell layers of the radicle, coleorhiza, and scutellum, and throughout the cell layers of the coleoptile of developing embryos. In the absence of a probe specific for the 0.9-kb lectin mRNA, however, in situ hybridization experiments were unable to localize the expression of this mRNA species to specific embryonic tissues. Furthermore, sensitivity limits encountered with in situ hybridizations mask potential quantitative changes in the temporal expression of the two lectin mRNAs.
RNA gel blot hybridizations demonstrate conclusively that both lectin mRNAs are temporally and spatially regulated in developing rice embryos. Both lectin mRNAs are actively expressed and accumulate in a cell-specific manner commensurate with the deposition of the protein in developing embryos (Mishkind, Palevitz, and Raikhel, 1983) . The expression of rice lectin in specific cell layers of embryonic tissues represents the net expression of both the 0.9-kb and 1 .I-kb mRNAs. The differential expression of the individual lectin mRNAs is regulated by more than one mechanism. On one level, the expression of rice lectin is developmentally regulated such that both lectin mRNAs are present at high levels during early embryogenesis but decline to low levels during the maturation of the embryo. In addition to the developmental regulation of rice lectin, the two mRNAs are differentially expressed and accumulate to different levels. Although both lectin mRNAs are expressed to the same levels during the rapid synthesis and accumulation of rice lectin at around 1 O DPA (Peumans and Stinissen, 1983) , the 1 .l-kb lectin mRNA is the more prevalent species during the latter stages of embryo development, Hybridization of the lectin cDNA clones to single restriction fragments on DNA gel blots suggests that rice lectin is encoded by a single gene. However, this analysis does not preclude the possibility that severa1 genes are involved in the expression of the two rice lectin mRNA transcripts. Operating on the premise that rice lectin is encoded by a single gene, the two lectin mRNAs may result from alternative polyadenylation site selection during post-transcriptional processing of the pre-mRNA. The temporal regulation of the two rice lectin mRNAs observed during embryogenesis may be the consequence of preferential polyadenylation site selection, differential stability, or selective export of the transcripts from the nucleus.
The lectins of the Gramineae exhibit differential localization in specific cell layers of the embryo (Mishkind, Palevitz, and Raikhel, 1983) . The most limited distribution of the Gramineae lectins is observed in barley (2n = 2 x = 14) embryos, where the lectin accumulates only in root tissues. In wheat (2n = 6 x = 42), WGA is present not only in embryonic root tissues, but is also localized in the outermost cell layer of the coleoptile. At least three isolectins are responsible for the expression of WGA in hexaploid wheat embryos. Rice (2n = 2X = 24) embryos exhibit the broadest distribution of lectin with expression in root tissues and throughout the cell layers of the coleoptile. Thus, the net tissue-specific expression of rice lectin is distinctive from the other lectins of the Gramineae. These results have extended our understanding of the regulation of rice lectin and have facilitated our studies to elucidate the molecular mechanisms regulating the cell layer specific expression of Gramineae lectins in embryonic tissues.
METHODS
Amino Acid Sequence Determinations of NH2-and COOHTerminal Amino Acid Residues of Rice Lectin
Plant Material
Developing rice (Oryza sativa cv. Lemont) embryos were collected from spikes harvested at 5 DPA, 10 DPA, 20 DPA, 30 DPA, and 40 DPA from plants maintained under greenhouse conditions. Embryos used for in situ hybridization experiments were processed immediately, while the bulk of collected embryos (10, 30, 40 DPA) were quick frozen in liquid nitrogen and stored at -8OOC for RNA isolation. Young seedlings of the rice cultivars Nato or IR36 were germinated and grown in Baccto professional potting mix in a growth chamber with a 12-hr light period at 27OC and a 12-hr dark period at 21 "C, with 70% humidity. Shoots of 10-day-old seedlings were collected and frozen in liquid nitrogen for isolation of total DNA.
Screening of a XgtlO cDNA Library for Rice Lectin
A AgtlO cDNA library constructed from poly(A)' RNA isolated from spikes of rice O. sativa cv. Nato was provided by Susan Wessler and Ron Okagaki (University of Georgia, Athens, GA). Approximately 160,000 recombinant phage were grown on Escherichia coli C600hfl at a density of 40,000 per 150-mm Petri plate and replicated onto nitrocellulose filters as described in Maniatis, Fritsch, and Sambrook (1 982) . The nitrocellulose filters were hybridized with a 32P-random prirner-labeled cDNA insert (Feinberg and Vogelstein, 1983 ) from clone WGA-B (clone pNVRl described in Raikhel and Wilkins, 1987) for 18 hr in 6 x SSC, 5 x Denhardt's solution, 0.2% SDS, and sonicated salmon sperm DNA at 5 pg/ml. Post-hybridization washes included three 15-min washes at room temperature and two 15-min washes at 6OoC in 3 x SSC, 0.1% SDS. Positive phage were plaque-purified to homogeneity (Maniatis, Fritsch, and Sambrook, 1982) under high stringency screening conditions using a 32P-labeled insert from WGA-B (Raikhel and Wilkins, 1987) .
DNA Nucleotide Sequence Analysis
Inserts, designated cRL852 and cRL1035, were purified from selected phage by electrophoresis in low-melting-point agarose (Struhl, 1985) and cloned into pUCll9 (Vieira and Messing, 1987) in both orientations for subsequent DNA sequence determination. A sequential series of overlapping deletions from both strands of the cDNA was generated by T4 DNA polymerase (Dale and Arrow, 1987 ) from full-length, single-stranded DNA templates (Vieira and Messing, 1987) . Single-stranded deletion templates were sequenced by the dideoxynucleotide chain termination method (Sanger, Nicklen, and Coulsen, 1977) using 35S-dATP and 7-deazadGTP instead of dGTP (Mizusawa, Nishimura, and Seela, 1986) . Computer alignment of overlapping deletions, and amino acid and sequence analysis were performed using Microgenie software (Beckman).
A fortuitous deletion encompassing the terminal 165 bp of 3'-untranslated region unique to cRLlO35 was retrieved for use as a clone-specific probe. This partia1 cDNA clone was maintained in pUCll9 and given the designation cRL165.
Rice lectin was purified from 10 g of mature rice embryos (cv. IR36) via affinity chromatography on immobilized N-acetylglucosamine (Selectin 1, Pierce) according to the procedure detailed in Mansfield, Peumans, and Raikhel, (1 988) . To enhance resolution of the rice lectin during SDS-PAGE on a 15% polyacrylamide gel (Laemmli, 1970) , the purified protein was S-carboxyamidated at 37OC for 30 min in the presence of 240 mM iodoacetamide (Raikhel, Mishkind, and Palevitz, 1984) prior to electrophoresis. Individual subunits (8 kD and 1 O kD) of rice lectin were visualized by staining the gel briefly (1 O min) in Coomassie blue, followed by destaining in 30% methanol, 7.5% acetic acid. The 8-kD and 10-kD polypeptides were excised from the gel, electroeluted in Laemmli (1 970) buffer, and lyophilized. SDS was removed from protein by the organic extraction method of Konigsberg and Henderson (1983) . Removal of salts from the protein was accomplished by dialysis against 15% acetic acid at 4°C in the dark for 2 days prior to lyophilization.
Approximately 200 pmol of gel-purified rice lectin was applied to a Model 477 Sequenator equipped with a 120 on-line PTHamino acid analyzer (Applied Biosystems, Inc.) for determination of NH,-terminal amino acid residues. The terminal amino acids of the COOH terminus were determined by carboxypeptidase Y digestion of 500 pmol of rice lectin via the procedure of Hayashi (1977) . The identification and quantitation of free amino acids in digestion mixtures were accomplished by HPLC analysis using precolumn derivatization with o-phthaldialdehyde. Amino acid sequence determinations were performed at the Protein Chemistry Facility, University of California, Irvine.
RNA Gel Blot Analysis
Total RNA was isolated from 50 mg to 150 mg of developing rice embryos via the hot phenol method of Finkelstein and Crouch (1986) with the addition of 1% 2-mercaptoethanol to the homogenization buffer. RNA gel blots were prepared from 25 Fg of RNA for each developmental stage of embryos and hybridized with random-primer-labeled cRL852 insert under stringent conditions (Raikhel, Bednarek, and Wilkins, 1988) . Blots were exposed to Kodak XAR-5 film with intensifying screens at -8OOC for 10 hr to 15 hr. Autoradiograms were scanned with a Gilford densitometer.
Gene Reconstruction Analysis
Total DNA was isolated from 10-day-old rice (cv. IR36 or Nato) seedlings according to Shure, Wessler, and Fedoroff (1983) and restricted to completion with EcoRI, Hindlll, Kpnl, Smal, or Xbal.
Two micrograms of digested DNA (3.3 x 1 O6 genome equivalents) and 0.5-copy, 1 .O-copy, and 3.0-copy equivalents of the cRLlO35 cDNA clone were fractionated by agarose gel electrophoresis and transferred to nitrocellulose (Maniatis, Fritsch, and Sambrook, 1982) . Gene copy reconstructions were based upon a rice genome size of 5.47 x 105 kb per haploid genome (Francis, Kidd, and Bennett, 1985) . Hybridization and post-hybridization washes of the reconstruction blot were performed as described for RNA gel blots with the exception that random-primer radiolabeled insert from cRL1035 was used as a probe.
In Situ Hybridization
lnserts from the cDNA clones cRL852, cRL1035, and cRL165 were subcloned into the EcoRl site of Bluescript (M13+) (Stratagene) for in vitro transcription of RNA transcripts. Sense and antisense transcripts labeled with 35S-rUTP were synthesized from the T3 or T7 promoters, hydrolyzed to approximately 1 O0 bases to 300 bases, and prepared for in situ hybridization as described in Raikhel, Bednarek, and Lerner (1 989) . Frozen tissue sections (8 pm to 10 pm) from developing rice embryos were processed and hybridized with radiolabeled sense or anti-sense RNA transcripts from cRL852 or cRLlO35 as detailed in Raikhel, Bednarek, and Lerner (1989) . In situ hybridization with clone cRL165 was performed identically as with the full-length clones as described above with the exception that hybridization and post-hybridization washes were conducted at 42OC.
